Lung cancer remains the leading cause of cancer death for both men and women in the United States, accounting for more deaths than breast, prostate, and colon cancers combined ( 1 ). Because lung cancer is frequently diagnosed at a late stage, improvements in long-term cure have been difficult to achieve, despite a variety of new therapeutic approaches ( 2 ). Tobacco smoking accounts for 90% of the attributable risk for lung cancer ( 3 ), but lung cancer risk remains elevated for many years after smoking cessation and never decreases to the level in never smokers ( 4 , 5 ). Nearly 50% of newly diagnosed lung cancers occur in former smokers ( 6 , 7 ), a result that supports the hypothesis that, during the prior years of smoking exposure, a tumorigenesis process is initiated that continues to evolve after smoking cessation. Consequently, there is continued interest in developing strategies to slow the rate of progression to lung cancer, especially in individuals at high risk of lung cancer ( 8 ). However, such high-risk individuals are difficult to identify. One means to identify such individuals is by their smoking history.
Background
Retinoids have shown antiproliferative and chemopreventive activity. We analyzed data from a randomized, placebo-controlled chemoprevention trial to determine whether a 3-month treatment with either 9-cis -retinoic acid (RA) or 13-cis -RA and ␣ -tocopherol reduced Ki-67, a proliferation biomarker, in the bronchial epithelium.
Methods
Former smokers (n = 225) were randomly assigned to receive 3 months of daily oral 9-cis -RA (100 mg), 13-cis -RA (1 mg/kg) and ␣ -tocopherol (1200 IU), or placebo. Bronchoscopic biopsy specimens obtained before and after treatment were immunohistochemically assessed for changes in the Ki-67 proliferative index (i.e., percentage of cells with Ki-67 -positive nuclear staining) in the basal and parabasal layers of the bronchial epithelium. Per-subject and per -biopsy site analyses were conducted. Multicovariable analyses, including a mixed-effects model and a generalized estimating equations model, were used to investigate the treatment effect (Ki-67 labeling index and percentage of bronchial epithelial biopsy sites with a Ki-67 index ≥ 5%) with adjustment for multiple covariates, such as smoking history and metaplasia. Coefficient estimates and 95% confidence intervals (CIs) were obtained from the models. All statistical tests were two-sided.
Results
In per-subject analyses, Ki-67 labeling in the basal layer was not changed by any treatment; the percentage of subjects with a high Ki-67 labeling in the parabasal layer dropped statistically significantly after treatment with 13-cis -RA and ␣ -tocopherol treatment ( P = .04) compared with placebo, but the drop was not statistically significant after 9-cis -RA treatment ( P = .17). A similar effect was observed in the parabasal layer in a per-site analysis; the percentage of sites with high Ki-67 labeling dropped statistically significantly after 9-cis -RA treatment (coefficient estimate = − 0.72, 95% CI = -1.24 to -0.20; P = .007) compared with placebo, and after 13-cis -RA and ␣ -tocopherol treatment (coefficient estimate = − 0.66, 95% CI = -1.15 to -0.17; P = .008).
primary endpoint may thus require decades of follow-up and tens of thousands of participants ( 10 ) . More recent chemoprevention trials with hundreds of participants have used intermediate biomarker endpoints with shorter follow-up times to identify potentially useful strategies to delay the onset of lung cancer in current and former smokers ( 11 , 12 ) .
Many potentially useful biomarkers for lung cancer chemoprevention trials have been identifi ed by their differential expression in lung cancer tissue and normal lung tissue. These biomarkers must be detectable in bronchial epithelial biopsy specimens from individuals thought to be at increased lung cancer risk, and they should be evaluable for modulation during chemopreventive intervention ( 13 -16 ) . Histopathologic markers such as bronchial metaplasia and dysplasia have been used in chemoprevention trials because they can be detected in bronchial biopsy samples from approximately 80% of current smokers, if there are suffi cient numbers of biopsy specimens ( 14 ) or if regions with abnormal bronchoscopic fl uorescence emission patterns are selected for biopsy examination ( 15 ) . However, squamous metaplasia becomes undetectable with smoking cessation in approximately 50% of the individuals who have stopped smoking ( 14 ) and so has limited utility in chemoprevention studies that are evaluating former smokers.
Loss of the retinoic acid receptor ␤ (RAR-␤ ) expression is also a frequent fi nding in the bronchial epithelium of individuals with a smoking history of 20 pack-years ( 17 ) . In vitro studies have demonstrated that retinoid treatment can restore RAR-␤ expression and slow proliferation of premalignant and malignant cell lines ( 18 ) . At high doses, retinoids, such as 13-cis -retinoic acid (13-cis -RA), have shown activity in preventing second primary head and neck cancers ( 19 ) and in reducing the extent of oral leukoplakia in association with increased RAR-␤ expression ( 20 ) .
In large lung cancer prevention trials that evaluated combinations of agents, including vitamins A or E, retinoids, ␤ -carotene, and/or N -acetylcysteine, retinoid treatment was associated with increased lung cancer incidence among current smokers but with a non -statistically signifi cant decreased incidence among former and never smokers ( 21 -24 ) . High-dose 13-cis -RA could not reverse bronchial metaplasia in current smokers, but a trend toward reversion was observed in a small subset of former smokers ( 14 ) .
To build on observations indicating that retinoids might have chemopreventive effi cacy in former smokers, we explored the use of retinoids in a randomized, placebo-controlled chemoprevention trial, involving a group of former smokers with a smoking history of at least 20 pack-years, that used modulation of RAR-␤ expression as the primary intermediate endpoint biomarker ( 25 , 26 ) . One group of subjects received a combination treatment of 13-cis -RA and ␣ -tocopherol because ␣ -tocopherol has been shown to reduce the side effects of 13-cis -RA, including mucocutaneous toxicity, increased liver function abnormalities, and hypertriglyceridemia ( 25 ) . The second group of former smokers received 9-cis -RA alone because 9-cis -RA has been shown to bind to both RARs and retinoid X receptors and thus might have effects beyond that of 13-cis -RA ( 27 ) . The third group received placebo treatment. As reported previously ( 26 ) , treatment with 9-cis -RA, but not 13-cis -RA and ␣ -tocopherol, was associated with a statistically signifi cant increase in RAR-␤ expression in the bronchial epithelium ( P = .03). The strength of this fi nding, however, was limited because only 30% of the pretreatment biopsy sites lacked RAR-␤ expression. Treatment with 9-cis -RA or 13-cis -RA and ␣ -tocopherol was also associated with a reduction in the fraction of biopsy specimens with metaplasia after a 3-month treatment, whereas the fraction of bronchial sites with metaplasia in the placebo arm increased slightly during the trial period. However, the strength of this fi nding was limited because only 6.9% of the samples showed metaplasia at the outset of the treatment regimen. Thus, the impact of the intervention could be assessed in only a small subset of the participants presenting with modulable endpoints.
The Ki-67 index may be a useful intermediate endpoint biomarker because one hallmark of lung tumorigenesis is dysregulated proliferation. Studies from our group and those of others have demonstrated that Ki-67 labeling indices (i.e., percentage of cells with Ki-67 -positive nuclear staining) are higher throughout the bronchial epithelium in current smokers than in nonsmokers 28 ). With tobacco smoking cessation, Ki-67 labeling indices, especially in the parabasal layers of the epithelium, dropped statistically signifi cantly within 1 year ( 28 ) . However, increased Ki-67 labeling indices remained detectable and measurable as a continuous variable for more than 20 years, even in the absence of squamous metaplasia ( 28 ) . Moreover, a fraction of subjects had statistically signifi cantly increased Ki-67 levels for several years after smoking
CONTEXT AND CAVEATS

Prior knowledge
Retinoids have antiproliferative activity in vitro and have chemoprotective activity in the upper aerodigestive tract.
Study design
Three-arm, double-blind, placebo-controlled randomized chemoprevention trial among former smokers to examine the ability of a 3-month treatment of 9-cis -retinoic acid (RA), 13-cis -RA and ␣ -tocopherol, or placebo to restore expression of RA receptor ␤ . The Ki-67 labeling index, a measure of cell proliferation, was a secondary endpoint. Analyses were done with the subject or the biopsy site being the analysis unit.
Contribution
In per-subject analyses, treatment with 13-cis -RA and ␣ -tocopherol, compared with placebo, was statistically significantly associated with reduced bronchial epithelial cell proliferation; treatment with 9-cis -RA was not. In per-site analyses, statistically significant associations were obtained with both treatments.
Implications
Because the subject is the unit of chemopreventive treatment and the associations from per-subject analyses were weaker than those from the per-site analyses, more research is required before firm conclusions can be drawn about the chemopreventive effect of both treatments.
Limitations
The Ki-67 labeling index is an intermediate marker of response. Former smokers generally have low proliferation levels in their bronchial epithelium; in subjects with the lowest pretreatment proliferation indices, a statistically significant reduction in proliferation was especially difficult to detect.
cessation, possibly indicating a continuing and evolving tumorigenesis process in these individuals ( 28 , 29 ) .
To investigate whether 9-cis -RA and 13-cis -RA have antiproliferative effects in vivo, we compared Ki-67 labeling indices obtained before and after the intervention in subjects who participated in the trial. We asked whether these retinoids showed antiproliferative effects in the subjects who participated in the randomized, placebo-controlled chemoprevention trial by comparing the Ki-67 labeling indices in the bronchoscopic biopsy specimens obtained before and after a 3-month intervention period. Because distinct biologic regulatory pathways may determine the proliferative status of the basal, parabasal, and superfi cial layers of the bronchial epithelium, we characterized the effects of retinoid treatment on all three epithelial layers separately.
Subjects and Methods
Subjects
The entry requirements for the chemoprevention trial have been previously described in detail ( 26 ) . Briefly, the trial was designed to include former smokers, defined as individuals with a smoking history of at least 20 pack-years who had stopped smoking at least 1 year before study entry. Subjects were allowed to have a prior smoking-associated cancer but were required to be tumor-free for 6 months before enrollment on this study. Potential participants were not to have taken more than 25 000 IU of vitamin A or other retinoids within 3 months of study entry and were required to abstain from consuming vitamin A dietary supplements while on treatment in this study. The study was approved by the Institutional Review Board at the University of Texas M. D. Anderson Cancer Center and by the U.S. Department of Health and Human Services. All eligible participants provided written informed consent before treatment randomization. Male and female subjects were not analyzed separately.
Trial Design and Treatment
The clinical study design was a three-arm, double-blinded, placebo-controlled, randomized chemoprevention trial to evaluate 13-cis -RA (1 mg/kg) and ␣ -tocopherol (1200 IU), 9-cis -RA (100 mg), and placebo in former smokers. Because prior toxicity data from phase I trials of 9-cis -RA did not extend beyond a 3-month treatment period ( 30 , 31 ) , the duration of retinoid treatment in this trial was 3 months. The primary treatment endpoint was the restoration of RAR-␤ expression after a 3-month treatment period. The trial was also designed to examine the impact of a 3-month treatment on other markers in the bronchial epithelium, including Ki-67 labeling indices, loss of heterozygosity, p53 expression, and chromosome polysomy. A total of 240 subjects were registered onto the trial, and 225 subjects were randomly assigned to treatment. Forty-six subjects withdrew from study before completing 3 months of treatment (11 for toxicity and 35 for job relocation). Dose reductions were required in 87 subjects, including 49 in the 9-cis -RA group, 30 in the 13-cis -RA and ␣ -tocopherol group, and eight in the placebo group.
Participants were to have stopped smoking at least 12 months before study entry. However, assessments of serum cotinine levels drawn at registration and at 3 months indicated that seven subjects may have experienced substantial smoke exposure (i.e., they may have resumed smoking) during their participation in the study (because of the presence of a serum cotinine level of ≥ 20 ng/mL), including three in the 9-cis -RA group, one in the 13-cis -RA and ␣ -tocopherol group, and three in the placebo group. Because we have previously found that current smoking status is associated with statistically signifi cantly higher Ki-67 labeling indices ( 28 ) , data analyses were carried out that either included or excluded those with elevated serum cotinine levels.
Biopsy Specimens
Before the initiation of treatment and after 3 months of treatment, bronchial biopsy specimens were obtained from the following six predefined sites in the bronchial tree: the main carina, the carina between the right upper lobe and the bronchus intermedius, the carina between the right middle lobe and the right lower lobe, the carina of the posterior basal segment of the right lower lobe, the carina between the left upper lobe and the left lower lobe, and the carina of the posterior basal segment of the left lower lobe. The specimens were fixed in buffered formalin, embedded in paraffin, and sectioned (4-µ m thick). Ten sections per biopsy site were stained with hematoxylin -eosin and evaluated for metaplasia index or the presence of dysplasia by a pathologist (J. Y. Ro) who was blinded to the timing of the biopsy and the associated treatment group.
Immunohistochemical Analysis of Ki-67
One 4-µ m section from each biopsy site was immunocytochemically stained for Ki-67 expression, as previously described ( 28 ) . Briefly, a section of HeLa cells was placed on each sample slide to serve as a positive internal control for the immunostaining procedure. The tissue sections were then deparaffinized in xylene, rehydrated through an alcohol series, and immersed in a solution of 3% hydrogen peroxide in methanol for 15 minutes to block endogenous peroxidase activity. Antigen retrieval was accomplished by treatment with a 0.01 M citrate buffer (pH = 6.0, Zymed Laboratories, Inc, South San Francisco, CA) and microwave heating (800-W microwave at 100% power for two 4-minute periods). The slides were then immunostained with MIB-1 mouse anti -Ki-67 monoclonal antibody (Zymed Laboratories, Inc) and a biotinylated anti-mouse immunoglobulin G second antibody (Vector Laboratories, Inc, Burlingame, CA). The antibody reactions were visualized by use of the ABC peroxidase kit (Vector Laboratories, Inc) with diaminobenzidine (0.5 mg/mL) and 0.6% hydrogen peroxide. The slides were lightly counterstained with hematoxylin and mounted in Eukit (Calibrated Instruments, Hawthorne, NY).
The fraction of Ki-67 -positive cells was determined separately in the basal layer, the parabasal layers, and, when present, the superfi cial layers of the bronchial biopsy specimens. Ki-67 labeling indices were expressed as the percentage of cells with positive nuclear staining. Slides with inadequate control HeLa cell labeling or those that lacked evaluable epithelium were excluded from the analyses. Ki-67 labeling indices were analyzed on a per -biopsy site basis and on a per-subject basis (the average of all biopsy sites that could be evaluated from a participant at a particular time point). The Ki-67 labeling index for the parabasal layer was dichotomized to high and low groups by use of 5% as a cut point (the 75th percentile of the Ki-67 labeling index of the parabasal layer for subjects who had quit smoking for at least 10 years and were without squamous metaplasia) ( 28 ) . Similar conclusions were found with Ki-67 labeling index cut points between 4% and 5.5%, representing 46.6% and 33.5% of patients with high Ki-67 labeling indices, respectively.
Of 240 subjects registered in the clinical trial, baseline biopsy specimens for Ki-67 analysis were obtained from 231 subjects (1076 evaluable biopsy sites). Of these 231 subjects, 225 were randomly assigned to the treatment arms, including 74 in the 9-cis -RA group, 77 in the 13-cis -RA and ␣ -tocopherol group, and 74 in the placebo group. Of the 225 subjects who were randomly assigned, 177 completed both baseline and 3-month bronchoscopy examinations, with 165 of them (48 subjects in the 9-cis -RA group, 62 in the 13-cis -RA and ␣ -tocopherol group, and 55 in the placebo group) having both baseline and 3-month Ki-67 evaluations, for a total of 1495 Ki-67 observations. Sixty-six participants had baseline Ki-67 evaluations only (of these 66 participants, 56 belonged to a treatment group), and four participants had 3-month Ki-67 evaluations only.
Statistical Analysis
Summary statistics, including frequency, tabulation, mean (and 95% confidence intervals [CIs]), and median (and range), characterized the distributions of Ki-67 labeling indices in the basal and parabasal layers between subject groups. The mean Ki-67 index over the six potential biopsy sites was computed when the subject was used as the analysis unit. The Kruskal -Wallis test was used to compare continuous variables among the three treatment groups. The chi-square test or the Fisher ' s exact test was used to test the statistical significance of the association between two categorical variables. The Wilcoxon signed rank test ( 32 ) was used to test changes in Ki-67 labeling indices by subject before and after treatment within each treatment group. To increase the efficiency of the statistical analysis, we also used the biopsy site as the unit of analysis under the assumption that the site was nested within the subject. Appropriate statistical methods were used to account for the correlation of sites within the same subject. For these multicovariable analyses, we used a mixed-effects model and a generalized estimating equations model ( 33 ) , to test the treatment effect on Ki-67 labeling indices and dichotomized Ki-67 index for the basal layer and parabasal layer, adjusting for multiple covariates that affect Ki-67 levels, such as number of years since smoking cessation (1 -2, 2 -5, or ≥ 5 versus 0 years), squamous metaplasia (presence or absence), RAR-␤ expression (positive or negative), treatment arm, and time point (0 or 3 months). Generalized estimating equation analysis was carried out by assuming an unstructured working correlation matrix. When the mixed-effects model was used, a logarithmic transformation was applied to Ki-67 labeling indices to satisfy the Gaussian distribution assumption in the model. In the multicovariable analysis, the primary interest is to compare the modulation of Ki-67 over time (from baseline to 3 months after treatment) between the two treated groups and the placebo group. The modelbased coefficient estimates and their 95% confidence intervals were reported. All statistical tests were two-sided, with a 5% type I error rate. Statistical analysis was performed by use of standard statistical software, including SAS release 9.1 (SAS Institute, Cary, NC) and S-Plus version 7 (Insightful, Inc, Seattle, WA). A power calculation was not done.
Results
Subject and Treatment-Associated Characteristics
The details of the study population and the compliance, response, and toxicity in this randomized, placebo-controlled trial have been reported previously ( 26 ) . However, for completeness, the characteristics and relevant treatment-associated characteristics of the 225 randomly assigned subjects are summarized briefly ( Table 1 ). The treatment groups were well balanced with regard to age, sex, race, history of smoking-related cancer, numbers of smoking pack-years and quit-years (the number of years since smoking cessation), and metaplasia index (the frequency of biopsy sites with metaplasia). However, when interpreting Ki-67 assessments, it is important to note that participants in the placebo group were slightly older and had a longer smoking history than those in either treatment group ( P = .24 and .07, respectively).
9-cis -Retinoic Acid or 13-cis -Retinoic Acid Treatment and Proliferation in the Bronchial Epithelium
Among all 225 randomly assigned subjects with Ki-67 measurements, the baseline Ki-67 labeling indices were higher in the parabasal layers (5.79%, 95% CI = 5.01% to 6.56%) than in the basal layers (2.32%, 95% CI = 2.02% to 2.63%), consistent with what has previously been described in the bronchial epithelium of former smokers ( 28 ) . No statistically significant differences were observed in the baseline proliferative status of the bronchial epithelium of subjects randomly assigned to any of the three treatment groups ( Table 2 ) . However, subjects assigned to the placebo group had slightly higher mean baseline Ki-67 labeling indices in the basal and parabasal layers than subjects assigned to the active treatment groups. Among all 225 randomly assigned subjects, little or no change after the 3-month treatment period was observed in Ki-67 labeling indices in the basal layer of subjects receiving 9-cis -RA (from 2.34% to 2.39%) or 13-cis -RA and ␣ -tocopherol (from 2.22% to 2.19%), but Ki-67 labeling indices of the basal layer in the placebo group increased slightly between pretreatment and 3-month treatment specimens (from 2.41% to 2.93%). However, none of these within-group differences reached statistical significance ( P = .94, .66, and .24, respectively).
A different pattern was observed in the parabasal bronchial epithelial layers. Although the Ki-67 labeling index in the parabasal layer of subjects in the placebo group had increased after 3 months of treatment (from 6.10% to 7.16%), the labeling index in the parabasal layer of subjects in the 9-cis -RA (5.81% to 4.03%) or 13-cis -RA and ␣ -tocopherol (from 5.46% to 4.24%) groups appeared to decrease after 3 months of treatment. By subtracting the Ki-67 values at 3 months from those at baseline in the subset of 165 subjects with both baseline and 3-month evaluable Ki-67 results, we determined the degree of Ki-67 modulation on individual patients. Treatment with either 9-cis -RA or 13-cis -RA and ␣ -tocopherol was associated with a decreased Ki-67 labeling index in the parabasal layers ( -1.65% and -1.08%, respectively), whereas treatment with placebo was associated with a slight increase in the Ki-67 labeling index (0.67%) after treatment ( Table 2 ) . However, no within-group difference reached statistical signifi cance ( P = .24, .13, and .59, respectively).
One potentially confounding aspect of the study was that seven subjects (one in the 13-cis -RA and ␣ -tocopherol group, three in the 9-cis -RA group, and three in the placebo group) appeared to have been substantially smoke exposed either before or during the course of the trial, as judged by serum cotinine measurements (i.e., they had likely resumed smoking). We had previously observed ( 28 ) that Ki-67 labeling indices are profoundly higher in current smokers than in former smokers and that it takes nearly a year after smoking cessation for Ki-67 labeling indices in the bronchial epithelium to drop substantially. The association between retinoid treatment and the Ki-67 labeling indices was therefore reanalyzed after excluding the seven subjects with high serum cotinine levels. In the basal layer analyses, exclusion of the suspected smokeexposed subjects did not alter the Ki-67 labeling index for any treatment group. In the parabasal layer analyses, the exclusion made the increased labeling index in the placebo group less apparent but did not alter the decreased Ki-67 labeling index for the groups receiving 9-cis -RA or 13-cis -RA and ␣ -tocopherol ( Fig. 1 ) .
To better determine the relative impact of either 9-cis -RA or 13-cis -RA and ␣ -tocopherol treatment on the Ki-67 labeling index of the bronchial epithelium compared with placebo treatment and to increase the effi ciency of the statistical analysis, we carried out a multicovariable analysis by use of a mixed model, with bronchial site as a unit. In this analysis, we assumed that the site was nested within the subject, and we adjusted for features previously found to be associated with increased Ki-67 labeling indices (with logarithmic transformation), including the presence of squamous metaplasia, the expression of RAR-␤ , and the time since smoking cessation. This analysis showed again that these variables were associated with the Ki-67 labeling indices in the basal and parabasal layers ( Table 3 ) . Treatment with 13-cis -RA and ␣ -tocopherol, compared with placebo, was statistically signifi cantly associated with decreased Ki-67 labeling indices in the basal (coeffi cient estimate = -0.14, 95% CI = -0.28 to -0.003; P = .045) and parabasal (coeffi cient estimate = -0.15, 95% CI = -0.28 to -0.01; P = .04) layers. There was also a trend for the association between 9-cis -RA treatment and decreased Ki-67 labeling indices, especially in the parabasal layers (coeffi cient estimate = -0.12, 95% CI = -0.26 to 0.02; P = .097). Similar conclusions were obtained from an analysis with the less model-dependent generalized estimating equation approach (data not shown).
We dichotomized the parabasal layer data into low-or highproliferative biopsy site groups by use of a Ki-67 labeling index cutoff of 5 to better defi ne the impact of the treatments on * RA = retinoic acid; AT = ␣ -tocopherol; SD = standard deviation. † The Kruskal -Wallis test was performed to test the equal median of continuous variables among the three treatment groups. The chi-square test (for sex and smoking-related cancer) or Fisher's exact test (for race) was performed to test the association between two categorical variables. All statistical tests were two-sided. ‡ All smoking-related cancers were lung cancers, except for two head-and-neck cancers and one bladder cancer in the 13-cis -RA and AT group and one head-and-neck cancer in the 9-cis -RA group. § No. of smoking quit-years was calculated from data from 218 participants whose smoking status was confirmed by serum cotinine level. Seven participants (three in the placebo group, one in the 13-cis -RA group, and three in the 9-cis -RA group) with serum cotinine levels of more than 20 ng/mL at baseline were considered to be active smokers and so were excluded from this calculation.
subjects entering the trial who had relatively high Ki-67 labeling indices and who might best benefi t from an antiproliferative strategy. By use of this cut point on data for the parabasal layer, 39.7%, 37.0%, and 40.0% of subjects fell into the high Ki-67 labeling index category before treatment in the groups randomly assigned to placebo, 9-cis -RA, or 13-cis -RA and ␣ -tocopherol, respectively. The fraction of patients with high Ki-67 labeling indices increased to 48.2% after treatment in the placebo group but decreased to 28.6% and 26.6% after treatment with 9-cis -RA or 13-cis -RA and ␣ -tocopherol, respectively. In an analysis that used the biopsy site as the analysis unit and the assumption that the site is nested within a subject, a generalized estimating equation model that was adjusted for years of smoking, packs per day, and metaplasia demonstrated that a 3-month treatment with either 9-cis -RA or 13-cis -RA and ␣ -tocopherol was associated with a statistically signifi cant decreased fraction of sites in the bronchial epithelium with a high Ki-67 index (coeffi cient estimate = -0.72, 95% CI = -1.24 to -0.20, P = .007, and coeffi cient estimate = -0.66, 95% CI = -1.15 to -0.17, P = .008, respectively) ( Table 4 ) . A similar trend was also observed when the analysis was carried out with the subject as the analysis unit ( P = .17 and P = .04, respectively). * RA = retinoic acid; AT = ␣ -tocopherol; CI = confidence interval. Ki-67 index is expressed as the mean (95% CI) and the median (range). † The statistics for baseline (n = 73 in the placebo group, n = 75 in the 13-cis -RA group, and n = 73 in the 9-cis -RA group) and 3-month (n = 56 in the placebo group, n = 64 in the 13-cis -RA group, and n = 49 in the 9-cis -RA group) measurements were based on all available samples. ‡ Modulation of Ki-67 index (n = 55 in placebo group, n = 62 in 13-cis -RA group, and n = 48 in 9-cis -RA group) was calculated only on participants who had both baseline and 3-month measurements (Ki-67 at 3 months -Ki-67 at baseline); shown as mean (95% CI) and median (range). § Wilcoxon signed rank test was performed to test the statistical significance of the change in the median Ki-67 modulation in each treatment group. All statistical tests were two-sided. In these analyses, data were excluded from seven subjects with suspected ongoing tobacco smoke exposure because of increased serum cotinine levels. The subject was used as the analysis unit. Results are expressed as the mean Ki-67 index over time; error bars = 95% confi dence intervals.
Discussion
In per-subject analyses, treatment with 13-cis -RA and ␣ -tocopherol, compared with placebo, was statistically significantly associated with reduced bronchial epithelial cell proliferation in the parabasal layer; treatment with 9-cis -RA was not. In per-site analyses, a 3-month treatment with either 9-cis -RA or 13-cis -RA and ␣ -tocopherol was statistically significantly associated with decreased proliferation (as assessed by the Ki-67 labeling index) in the parabasal layer of the bronchial epithelium of former chronic smokers, compared with placebo treatment. The antiproliferative activity of the retinoids was most pronounced in the parabasal layers of the bronchial epithelium. The results of this study support the contention that smoking status can infl uence and limit the effi cacy of chemopreventive intervention. In a previous biomarker-associated chemoprevention trial ( 14 ), we examined the impact of a 6-month treatment of 13-cis -RA on proliferation in the bronchial epithelium in current smokers by use of proliferating-cell nuclear antigen (PCNA) labeling indices, RAR-␤ expression, and squamous metaplasia indices as study endpoints. Although there was an apparent effect on RAR-␤ expression in that study, there was little measurable impact of 13-cis -RA on proliferation and metaplasia in individuals who continued to smoke. Nevertheless, we did observe a non -statistically signifi cant trend toward decreasing PCNA labeling indices in individuals who stopped smoking during the 6-month treatment period. However, because we also found ( 28 ) that proliferation levels decreased in the bronchial epithelium of individuals in the fi rst 6 -12 months after smoking cessation in association with reversal of squamous metaplasia, it was diffi cult to ascribe decreased bronchial epithelial proliferation to 13-cis -RA treatment in that study.
The current study explored the impact of 9-cis -RA or 13-cis -RA and ␣ -tocopherol in former smokers, as defi ned by individuals with a smoking history of at least 20 pack-years who had not smoked for at least 12 months before entry onto the trial. After this time of smoking cessation, squamous metaplasia and the levels of proliferative activity should have already decreased to a reduced, albeit still abnormal, steady-state level ( 28 ) . Indeed, the fi nding that the degree of proliferative activity in the bronchial epithelium remained relatively stable in the placebo group (except in those individuals who might have resumed smoking tobacco) supports the notion that a baseline level had been achieved and that the variation in baseline values represents differences between individuals rather than variation in Ki-67 assessment. Moreover, the fi nding that proliferation indices decreased after treatment in the subjects in both the 9-cis -RA and 13-cis -RA and ␣ -tocopherol groups indicates that retinoids may have a chemopreventive role in former smokers. However, because 9-cis -RA dose reductions and toxicity-based withdrawals were frequently required, in future trials, it will be important to incorporate these retinoids into combination regimens in which lower doses can be used. * CI = confidence interval; RAR-␤ = retinoic acid receptor ␤ ; RA = retinoic acid; AT = ␣ -tocopherol. † The t test from a mixed-effects model was used. All statistical tests were two-sided. ‡ 0 = no squamous metaplasia; 1 = squamous metaplasia. * CI = confidence interval; RA = retinoic acid; AT = ␣ -tocopherol. † The Z test from the generalized estimating equations model was used. All statistical tests were two-sided. ‡ 0 = no squamous metaplasia; 1 = squamous metaplasia.
A number of markers of proliferation have been explored in the chemoprevention setting as intermediate markers of response, including PCNA, minichromosome maintenance protein 2, and phosphorylated histone H3 ( 34 -36 ) . Each marker is useful for characterizing different aspects of proliferation, and each has its limitations. For example, early studies demonstrated increased PCNA labeling in the bronchial epithelium of chronic smokers; the levels were strongly associated with histologic changes in the aerodigestive tract ( 37 ) and could be modulated with chemopreventive intervention ( 34 ) . Minichromosome maintenance protein 2 is a part of the DNA replication complex and is found in cells preparing for and undergoing DNA synthesis, but its expression is reduced later in the cell cycle. Phosphorylated histone H3 is a biomarker for cells in mitosis, but it has a limited dynamic range and is thus less useful as an intermediate biomarker in this setting. Ki-67 is useful for identifying the fraction of cells that have exited quiescent state, but it does not necessarily indicate that the cells are committed to movement through the cell cycle. The expression of each of these markers has been previously shown to increase as lung tissues exhibit more advanced premalignant histologies ( 28 , 34 -36 ) , and such proliferation markers have been shown to have prognostic implications in non -small-cell lung carcinoma ( 38 -42 ) . None of these proliferation markers, however, has been validated as a risk biomarker in a prospective chemoprevention study. Thus, the relationship between decreased expression of proliferation markers in the bronchial epithelium and delayed lung cancer onset will need to be validated in prospective studies in high-risk individuals.
We chose Ki-67 as the intermediate endpoint biomarker for this study for several reasons. First, we previously showed ( 28 ) that Ki-67 labeling indices are generally higher in lesions with metaplasia and dysplasia than in lesions without them. Second, Ki-67 labeling indices were strongly associated with increases in the frequency of bronchial sites with metaplasia and the number of packs smoked per day, indicating that Ki-67 assessments refl ect a fi eld effect and are minimally dependent on the particular biopsy site evaluated ( 28 , 43 ) . Third, although Ki-67 labeling has been previously demonstrated ( 28 ) to decrease substantially in the fi rst year after smoking cessation, a lifestyle change that is associated with decreased lung cancer risk ( 4 , 5 ) , the Ki-67 labeling index still remains abnormally high even in the absence of squamous metaplasia and can be subject to measurable modulation ( 28 ) . Fourth, Ki-67 labeling indices could be assessed as a continuous variable, and so modulation could be measured in all subjects. As a result, we were able to demonstrate that both 9-cis -RA and 13-cis -RA and ␣ -tocopherol treatments could lower the levels of proliferation in the bronchial epithelium of former smokers.
We previously reported ( 26 ) that treatment with 9-cis -RA, but not with 13-cis -RA and ␣ -tocopherol, reversed the loss of RAR-␤ expression in the bronchial epithelium of this same group of subjects. One limitation of our study is that, for three reasons, we could not carry out case-by-case comparisons between changes in Ki-67 labeling indices and RAR-␤ expression status to better understand the molecular basis for proliferative changes with treatment. First, only 30% of the subjects showed loss of RAR-␤ mRNA expression before treatment in at least one of six bronchial biopsy sites, whereas Ki-67 labeling indices were assessed in all bronchial sites. Second, because of limitations in availability of validated antibodies to RAR-␤ , the protein levels of RAR-␤ could not be assessed in these small biopsy sections, and so it was diffi cult to address the question of why proliferation, as measured by the Ki-67 labeling index, was repressed when the critical retinoid receptor was undetectable at baseline. Third, the in situ hybridization technique used in the previous report ( 26 ) did not distinguish between different isoforms and variants of RAR-␤ . It is now known that several isoforms and variants of RAR-␤ exist that are controlled by distinct regulatory pathways and have distinct functions and biologic consequences in normal and malignant cells. For example, although RAR-␤ 2 is the most frequently expressed form that is inducible by retinoic acid and is suppressed in many premalignant and malignant cells and tissues ( 44 ) , RAR-␤ 4 is increased in certain cancers and may act as an oncogene [e.g., see ( 45 , 46 ) ]. Therefore, when we assessed these tissues for RAR-␤ mRNA expression, it was not clear whether the mRNA detected would encode a tumor suppressor or a tumor promoter. It may be for these reasons that we found that the Ki-67 results provide strong independent information in a multicovariable analysis ( Table 3 ) that included RAR-␤ expression as one of the covariates.
Although the use of Ki-67 labeling indices as an intermediate marker of response allowed us to examine retinoid impact in all treated subjects, the analysis was still somewhat limited by the generally low proliferation levels in former smokers at baseline, which made it diffi cult to detect a statistically signifi cant reduction in proliferation in subjects with low pretreatment proliferation indices. For this reason, we dichotomized the subject population into those with low and those with high pretreatment proliferation levels (by use of a parabasal layer Ki-67 proliferation index cutoff of 5, which represented the 75th percentile value among former smokers). In this analysis, we observed a strong association between both 9-cis -RA and 13-cis -RA and ␣ -tocopherol treatments and proliferation activity in the bronchial epithelium of former smokers ( P = .008 and P = .007, respectively). Although the use of this particular cutoff point might be somewhat arbitrary, we hypothesize that former smokers with the highest Ki-67 values are at the highest risk of lung cancer and the use of such a cutoff value would permit us to examine the treatment effect on the high-risk group. Although similar conclusions were obtained by slightly varying the cut-point value, this cutoff point should be validated in future studies.
This fi nding of decreased proliferation in the bronchial epithelium after retinoid treatment is important when changes in the bronchial epithelium of placebo-treated former smokers are taken into account. That is, some subjects in the placebo group exhibited an increase in bronchial epithelial proliferation during a 3-month observation period, whereas no increased proliferation was observed in either retinoid treatment group. This fi nding may also be important if individuals with the highest pretreatment proliferation levels in the bronchial epithelium are at the highest risk of lung cancer and are likely to be the subjects who may gain the greatest benefi t from chemopreventive intervention ( 34 , 43 ) .
We distinguished between proliferation in the basal and parabasal epithelial layers in the three treatment groups for two reasons. First, proliferation in the parabasal layers appeared to be higher than that in the basal layer of the bronchial epithelium; thus, a treatment-related change could be more easily observed. Second, the factors that regulate proliferation in the basal layers and in the parabasal layers might be different. For example, in regenerating epithelial tissues, the initiation of proliferation might occur in the basal layer and then expand into the parabasal layers, in which negative regulatory factors might control the degree of tissue expansion. Indeed, we found that retinoid treatment was more strongly related to modulation of proliferation in the parabasal layers than to modulation of proliferation in the basal layer of the bronchial epithelium. These results support those from a small non -placebo-controlled trial of celecoxib in active smokers that also demonstrated decreased Ki-67 labeling indices in the parabasal layers of the bronchial epithelium ( 47 ) . Because lung tumorigenesis is likely to be a multistep process of clonal outgrowth and clonal evolution that is driven by genetic instability ( 48 ), we expect that decreased proliferation would slow lung tumor development by slowing clonal expansion, decreasing the target population for subsequent genetic change, and decreasing ongoing genetic instability associated with dysregulated growth control.
The molecular underpinnings of the potential differences in growth regulatory properties between the basal and parabasal layers of the bronchial epithelium are still poorly understood and deserve greater examination. Although early histopathologic changes (e.g., metaplasia and dysplasia) in the bronchial epithelium give the appearance of an expanding basal layer, it is not known whether all epithelial layers are equally capable of participating in multistep tumorigenesis. It is also still not known whether it is important to target the growth properties of the basal cells, the parabasal cells, or a subset of these cells for long-term chemopreventive effect. It will therefore be important to distinguish the effects of molecularly targeted agents on the basal and parabasal bronchial epithelial layers in proposed lung chemoprevention trials with long follow-up ( 12 ) .
